Tempeh is a traditional fermented soybean product from Indonesia. Although tempeh is consumed as daily menu in Indonesia, its nutrigenomic study employing human has not been reported yet. On the other hand, our study in mice showed that tempeh could enhance immune system, especially by increasing secretory immunoglobulin A production in ileum and colon. Tempeh was also found to be potential in modulating composition of gut microbiota. Therefore, the objective of this study was to analyze the impact of tempeh supplementation on the profiles of human intestinal immune system and gut microbiota analysis. A total of 16 participants, comprising of each 8 healthy females and males, aged between 20 and 23 were recruited to this study. The volunteers consumed 200 mL milk from day 1-8 followed by consumption of 100 grams steamed tempeh each day from day 9-24. Fecal samples taken on day 9 and 25, were analyzed with half sandwich ELISA for IgA enumeration. In addition, fecal samples collected on day 0, 9, and 25, were analyzed for total Akkermansia muciniphila employing quantitative real time PCR. The result of this study suggested that tempeh supplementation might act as paraprobiotic and slimming agents since tempeh enhanced production of IgA and increased population of A. muciniphila in human intestinal tracts.
composition. Previous study had shown that tempeh has beneficial effects for immune system and cardiovascular health (Babu et al. 2009) .
Tempeh nutrigenomics studies were mostly conducted in mice and rats as animal models and have not been reported yet to involve human as research object (Utama et al. 2013) . Previous study showed positive impact of tempeh consumption, that tempeh supplementation increased ileum immunoglobulin A (IgA) gene and protein expressions in Sprague Dawley Rats . Furthermore, Nurrahman et al. (2011) reported that tempeh consumption in Salmonella typhimuriuminduced rats had enhancement of IgA concentration Tempeh is a traditional fermented soybean product from Indonesia. Badan Standarisasi Indonesia (BSN) also known as Standardization Body of Indonesia (2012) reported that 81 000 tempeh producers produce 2.4 tons tempeh every year in Indonesia. Tempeh is formed as the result of microorganisms' work, such as Rhizopus spp. and lactic acid bacteria. As the result of fermentation product, tempeh became easily digested. Since tempeh also has higher amino acids compared to raw soybean, tempeh could play an important role in intestinal cells proliferation and affect gut microbiota and accelerated the rats' resilience.
Immune system exploration is commonly detected by analyzing gut microbiota in the host's digestive 11 system. Human gut microbiota contains at least 10 bacterial cells per mL intestinal fluid. This microorganism's consortium could act as the source of energy and nutrition for intestinal metabolism. Intestinal stability is also guaranteed by the presence of probiotics, which is enhanced by the presence of prebiotics (Flint et al. 2010) . In this study, tempeh's ability as prebiotic agent will be tested and one of probiotics bacteria, such as Akkermansia muciniphila would be enumerated.
Therefore, the objective of this study was to analyze the impact of tempeh supplementation on human's immune profiles, specifically by enumerating IgA level and A. muciniphila in fecal samples.
MATERIALS AND METHODS
Human Study. This study was reviewed and approved by the ethics committee of Research and Community Service Center in Atma Jaya Catholic University of Indonesia for employing human as research subject. Research was done by following all institutional guidelines.
A total of 8 healthy females and 8 healthy males aged 20-23 years volunteered for this study. Woman volunteers were neither pregnant nor breast-feeding. The volunteers were not smoking, did not consume any antibiotics at least one month before the intervention, and did not suffer lactose intolerance. The volunteers were required to be discipline in consuming given tempeh regularly and willing not to consume any kinds of prebiotics and other tempeh during the intervention.
The intervention was designed for 24 days. At day 0-8, the volunteers consumed 200 mL ultra-heat temperature (UHT) milk per day. At day 9-24, the volunteers consumed 100 grams of 10-minutessteamed tempeh EMP. Fecal specimen collection was done in day 0, 9, and 25. Fecal specimen for IgA analysis was stored in -80 °C and fecal specimens for gut microbiota analysis were stored in -20 °C for further analysis.
Fecal Immunoglobulin A Extraction. The method was adapted from Peters et al. (2004) . One gram of fecal specimen was diluted in 10 mL extraction buffer containing 0.01 M phosphate buffer saline (PBS) pH 7.4 containing 0.5% w/v Tween-20, and 0.05% w/v sodium azide. The fecal specimen was homogenized by mechanical homogenization with a vortex mixer. The fecal suspension was centrifuged at 1500 × g for 20 min at 5 °C. Two milliliters of supernatant was transferred to sterile tubes containing 20 µL protease inhibitor cocktail (Sigma-Aldrich, St Louis, Missouri, USA), which were prepared by following the manufacturer's instruction. The mixture was homogenized using vortex mixer and centrifuged at 10000 × g for 10 min. The supernatant was transferred to sterile tubes and stored in -20 °C.
Immunoglobulin Statistical Analysis. Significant difference between before and after intervention were analyzed using paired parametric T-Test (p<0.05). Data was analyzed using Graphpad Prism version 6.0 (Graphpad Software Inc, La Jolla, CA, USA). Presented data is the mean of personal data from each volunteer ± standard error mean (SEM).
RESULTS
From a total of 8 female and 8 male participants, 3 male and 3 female participants were excluded due to their low physical fitness and less fulfillment of tempeh consumption during the intervention.
Fecal samples were stored for 6 weeks in -80 °C before IgA extraction process. The data shows that both male and female shows enhancement of IgA production (Fig 1) and the enhancement of A. muciniphila population in fecal samples (Fig 2) . Higher secretion of male IgA was seen bigger in day 25 -1 -1 compared to day 9, i.e. 2573 ng mL vs 2098 ng mL , -1 respectively, while in female i.e. 2421 ng mL vs 2376 -1 ng mL , respectively. When the data is combined between male and female, the same pattern also occurred that higher IgA secretion was seen on day 25
-1 -1 compare to day 9, i.e. 2497 ng mL vs 2237 ng mL . The number of A. muciniphila also increased after day 9 and day 25 compared to the beginning of experiment, day 0. From sampling on day 0, 9, and 25, male IgA enumeration was the highest after tempeh intervention on day 25, while on female the highest number of A. muciniphila was on day 9, before tempeh intervention. If male and female data were combined, the result showed the enhancement of A. muciniphila population kept increasing and was the highest after tempeh supplementation on day 25. 
DISCUSSION
All participants were uniformed with UHT milk consumption. In general, UHT milk, which was taken from cow, and tempeh, which was made from soybean contain different protein profile. These facts brought the expectation of discrete results on before and after tempeh intervention.
On the other hand, tempeh is rich of various microorganisms that form a distinctive flavor of tempeh. The variations may occur due to differences of tempeh raw material and procession steps from the producers. Tempeh empang (EMP), which is made in Empang, Bogor was used in this study as it was previously explored before (Soka et al. 2014 . EMP is produced by 6 main steps, which are soybean cooking, soaking, de-hulling, washing, mixing with inoculum, and incubation until tempeh was ready for harvest in 2-3 days. Metagenomics study showed that EMP tempeh had higher number of bacterial cells, compared to WJB tempeh, which was produced in Warung Jambu, Bogor. EMP provides more antigens compare to WJB tempeh. Acetobacter indonesiensis, Klebsiella pneumoniae, Bacillus subtilis, and Flavobacterium sp. were dominant bacteria found in EMP tempeh, while Klebsiella sp. and Pseudomonas putida were the dominant bacteria in WJB tempeh (Barus et al. 2008) . A study by Ayu et al. (2014) showed that Klebsiella pneumoniae from Indonesian tempeh were genetically different from pathogenic isolates. A study by Soka et al. (2014) suggested that Indonesian tempeh might modulate the composition of gut microbiota toward a healthier gut. In addition, also reported that Indonesian raw and cooked tempeh might stimulate IgA secretion, and also both viable and non-viable 
